Abstract-In this paper a new 8-bit 50-Msample/s CMOS digital-to-analog converter (DAC) is presented. The circuit employs 9 operational transconductance amplifiers (OTAs) and CMOS transistors as switching circuit. The proposed DAC is simulated using SPICE simulation program with 3µ µ µ µm CMOS technology. Simulation results shows verify good performance of the circuit.
I. INTRODUCTION
The ability to convert digital signals to analog is very important in applications such as direct digital synthesis (DDS) techniques. On the other hand, there are several observations worthy of discussion regarding the behavior of OTA-based circuits in comparing with their equivalent op amp-based counterparts. In the case of op amp building blocks, specific voltage gains or transfer functions are realized by surrounding the op amp with large amounts of external negative feedback in order to significantly desensitize the closed-loop performance to the characteristics of the open-loop op amp. In fact, for ideal operation, the closed loop performance of these circuits is independent of the op amp's open-loop behavior; determined only by the external passive components in the feedback network. In the words, the open-loop gain of the op amp is a secondorder effect in these circuits. Moreover, the feedback guarantees linear operation over a wide range of conditions, in spite of the op amp's very high open-loop gain. In contrast, OTA building blocks use no external feedback and their transfer functions depend directly on the transconductance parameter (g m ) of the OTA. The strategy for OTA-based circuits and systems places far greater emphasis on custom design, optimization, and control of the OTA-parameters [1] . Although a number of CMOS DACs have been published [2] [3] [4] , they have complex circuit structure.
In this paper, a simple 8-bit OTA-based DAC configuration is presented. The proposed circuit uses only active elements and is quite suitable for integration.
II. OTA MODEL
The symbol used for the OTA is shown in Fig. 1 , along with the ideal small signal equivalent circuit. An ideal OTA is an infinite bandwidth voltage-controlled current source, with an infinite input and output impedance. The port relation of an OTA can be characterized by ) ( 
III. PROPOSED DAC
The proposed 8-bit DAC is shown in Fig. 3 . The circuit is composed of 9 OTAs and a set of MOS transistors for.
The MOS transistors at the input of the OTAs operate as binary switches. The inputs are a digital word of 8 bits 
where g mo is the transconductance of the output OTA, the output voltage of the circuit will be in form of equation (2) .
IV. SIMULATION RESULTS
The performance of the circuit is verified using SPICE simulation program. The OTAs are designed using the symmetrical CMOS OTA structure shown in Fig. 3 [5] . The supply voltages were chosen as V DD = 5V and -V SS = -5V. The aspect ratios of the MOS transistors are given in Table 1 . The MOS transistors were simulated using standard 3µ model parameters [1] given in Table 2 .
The transconductance of this OTA is given by [1]
in which (W/L) 1 is the aspect ratio of the input transistors; n K ′ is the transconductance parameter for an n MOS in saturation. The parameter B is the current multiplication factor of the OTA. Different values for the bias current (I B ) and parameter B of the OTAs are selected so that results in the transconductance values (g m s) given in Table  3 . The transconductance of the output OTA (g mo ) is selected as g mo =7mS. The transient analysis of the proposed DAC is performed using SPICE simulation program. The output voltage of the proposed 8-bit DAC sampling a 390.625kHz digital ramp waveform input signal at rate of 50Msample/s. The input code differs from 00000000 to 11111111 regularly. Figure 5 shows the LSB (least significant bit), MSB (most significant bit) and analog output of the DAC. It is observed that the analog output changes from 0 to 5 volts and agrees quite well with theoretical analysis. The settling time of the converter is less than 10nS. 
V. CONCLUSIONS
In this paper a new 8-bit CMOS DAC has been presented. The presented DAC is constructed using only active elements, which makes it suitable for integration. The performance of the DAC is tested using SPICE simulation program. The conversion rate of the proposed DAC is 50 Msample/s with settling time less than 10ns.
